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Previous analyses by the Federal Government of the impact of DST on energy consumption indicated that the largest effect was on lighting (Department of Transportation, 1975; DOE, 2006) . Assuming that businesses and households maintain their daily schedules (with respect to clock time) after the transition to EDST, extra evening daylight hours may lower electricity consumption because of the delayed need for lighting. Morning electricity use could increase, as people awaken to darker homes and the need for electric lighting is greater. Some parts of the country enjoy cooler or warmer evening weather, and EDST could result in changes in the amount of electricity used for heating and air conditioning.
Daylight Saving Time also provides people with the opportunity to pursue more outdoor activities during the lighter (and warmer) late-afternoon/evening hours. Consequently, while reducing electricity consumption in homes, extra daylight might lead to more driving, which would likely translate into more miles of vehicular travel, thus resulting in higher motor gasoline consumption and higher energy use.
Section 2 of this report presents the key findings on changes in electricity use, motor gasoline use, and total energy. Section 3 summarizes the analytical approaches used in the study. The detail on the analysis methods is available in the separate Technical Documentation to this report (Belzer, et al., 2008 
Key Findings: Changes in National Energy Consumption Overall National Energy Consumption Findings
Using both heuristic 2 and statistical analysis methods for measuring the national pattern of electricity changes, the study found:
• For the heuristic analysis, total savings of electricity during the four weeks of EDST time in 2007 was 1.3 TWh and the total primary energy saved associated with the changes in electricity consumption was 17 TBtu.
• For the statistical analysis, total savings of electricity during the four weeks of EDST in 2007 was 1.2 TWh. This also corresponds to a total primary energy savings of 17 TBtu. The statistical variation on this result is ±40 percent (at a 95 percent level of confidence).
The electricity savings are small compared to the national total for the year, representing about 0.03 percent of the total national electricity consumption of 3,900 TWh in 2007. 3 On a daily basis, the total electricity savings due to EDST was 0.46 to 0.48 percent per each day of EDST. Electricity savings generally occurred over a period of three to five hours in the evening, offset slightly by small increases in energy consumption in several morning hours-typically the hours ending at 7:00 a.m. and 8:00 a.m. in the morning, and ending 5:00 p.m. through 9:00 p.m. in the evening. On a daily percentage basis, electricity savings were slightly greater during the March (spring) extension of DST (0.50 percent) than the November (fall) extension (0.38 percent).
Regionally, areas of the southern United States exhibited smaller impacts of EDST compared to areas of the North. The study found:
• Based on the heuristic analysis, electricity savings in the South as a percent per day were the same as in the North regions, 0.48 percent.
• Based on the statistical analysis, the average daily percent savings in electricity consumption for the North were 0.51 percent, while in the South the savings were 0.42 percent.
There is insufficient statistical evidence that the EDST period has had any measurable impact on motor gasoline consumption for passenger vehicles or traffic volume in 2007.
Electricity Findings
Summary of results using the heuristic method Although the ratios of electricity consumption for some utilities in this study were not as stable during the middle portion of the day as those in the Boston illustration, all of the electricity consumption curves demonstrated similar patterns. 4 Variations from the clear pattern illustrated in Figure 2 -1 either showed increases in morning consumption that were not as distinct or in some southern regions, increased usage of air conditioning appeared to make the energy reductions during the evening occur later and with less intensity.
During the 2007 Extended Daylight Saving Time, the national average daily electricity savings, based on 16 representative regions of the North American Electric Reliability Corporation (NERC), was 0.48 percent per each day of EDST. This was the same average for the broadly aggregated Northern and Southern macro-regions. See Table 2-1. The lowest energy savings per day were in the Mid-South regions (0.27 percent, on average), while the greatest was in California (0.93 percent). The national daily average electricity savings were 0.48 percent per each day of EDST. (Belzer, et al., 2008) .
Summary of results using the statistical method
For the spring 2007 EDST, energy consumption data were collected and analyzed from a core 35 utilities. See Table 2 -2. The resulting data were interpolated to calculate the average percentage change in energy consumption during a daily period of two hours in the morning and five hours in the evening-typically the hours ending at 7:00 a.m. and 8:00 a.m. in the morning, and ending 5:00 p.m. through 9:00 p.m. in the evening. The utilities listed are a combination of individual utilities (investor-owned or consumer-owned) and regional entities --Independent System Operators, or ISOs. Details are provided in Appendix B.1 of the supporting Technical Documentation (Belzer, et al., 2008) .
The national average reduction in daily electricity consumption in the spring EDST period was 0.50 percent. There were substantial variations reported among utilities for both the morning and evening hours. Morning impacts ranged from a usage reduction of 0.2 percent to an increase of 4.0 percent, 7 while reductions during the evening hours generally were within the range of 1.0 to 6 "Std Error" is the standard deviation associated with the estimated change in electricity use, based upon the results of the statistical model. It is a statistical measure that reflects the uncertainty of the estimated change with respect to its expected (or average) value (as shown in the highlighted columns of Tables 2-2 and 2-3) . 7 The morning increases in usage reflect the compounding impact of factors other than lighting.
4.0 percent. (Belzer, et al., 2008 ).
An examination of the impact in both the morning and evening indicates that the impacts (both positive and negative) were generally smaller in the fall than in the spring. 8 The national average reduction in daily electricity consumption in the fall EDST period was 0.38 percent as compared to the 0.50 percent for the spring.
Transportation Energy Findings
Changes in national traffic volume and motor gasoline consumption for passenger vehicles in 2007 could not be attributed to EDST. This finding was based on a comparison of the 2007 twoweek average national motor gasoline consumption during the weeks before and after DST and EDST. It was also based on an analysis of daily traffic volume for the late-afternoon/evening hours, 3:00 p.m. to 9:00 p.m. -when EDST was expected to have the greatest influence on gasoline use.
Results from analysis of changes in motor gasoline consumption
The changes in motor gasoline consumption due to daylight hours were small. 9 The differences in mean values (averages) of "motor gasoline supplied" information were determined to be statistically insignificant for both the spring and fall over a 10-year period ranging from 1998 to 2007. "Motor gasoline supplied" is used as a proxy for motor gasoline consumption.
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Tables 2-4, 2-5, and 2-6 show the motor gasoline consumption before and after periods of Daylight Saving Time. Changes in motor gasoline consumption ranged from -3.85 percent to 3.79 percent in the spring to -3.39 percent to 3.33 percent in the fall. The 10-year average was 0.83 percent for the spring and 0.25 percent for the fall. Table 2-6 reports the results from the statistical comparison of means for motor gasoline consumption, and it indicates the change in means is not statistically significant. 10 In a longer timeframe, "gasoline supplied" equals gasoline consumption, provided that the motor gasoline rolling stock remains constant. DOE's EIA states: "Products supplied approximately represent consumption of petroleum products because it measures the disappearance of these products from primary sources, i.e., refineries, natural gas processing plants, blending plants, pipelines, and bulk terminals. In general, the product supplied value of each product in any given period is computed as follows: field production, plus refinery production, plus imports, plus unaccounted for crude oil, (plus net receipts when calculated on a Petroleum Administration for Defense (PAD) District basis), minus stock change, minus crude oil losses, minus refinery inputs, minus exports." [EIA Weekly Petroleum Status Report, 2008] 
Results for changes in late-afternoon/evening traffic volume
A statistical analysis of daily traffic volume for the late-afternoon/evening hours (3:00 p.m. to 9:00 p.m.) when EDST is expected to have the greatest influence on gasoline use shows a statistically significant, but small 0.17 percent increase in traffic volume during those hours for the week of "March 11 -March 17" (the first week of EDST) relative to "March 4 -March 10." This is shown in Table 2 -7. Because the late-afternoon/evening traffic accounts for about 37 percent of total traffic, the 0.17 percent increase in traffic is equivalent to a 0.06 percent increase of the daily total traffic. 11 This 0.06 percent increase in daily traffic translates to a "maximum possible" motor gasoline consumption increase of about 5.5 thousand barrels per day for each day of EDST. 12 The United States consumed an average of 8,800 thousand barrels of motor gasoline per day for passenger vehicles from 1998 to 2007. However, the small increase (0.17 percent) in traffic, before and after the EDST in 2007, could not directly be attributed to EDST in 2007 for the following reasons:
• Other factors may have influenced the changes in daily traffic volume during those hours (e.g., weather conditions, roadway construction, traffic accidents/incidents, and special events/festivals).
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• As shown in Table 2 -7, there is a statistically noticeable change in traffic the week prior to EDST, when traffic increased by 1.68 percent from the week of "February 25 -March 3" compared to "March 4 -March 10." In addition, there is no statistically significant difference from the week of "March 11 -March 17" to "March 18 -March 24" (the second week after EDST).
• Table 2-7 also shows that the week-to-week traffic differences are statistically noticeable for the same time frame in 2006-the February 25 to March 24 period. Although these four weeks of traffic in 2006 were not under the influence of EDST, the week to week traffic differences ranged from -0.51 percent to 0.91 percent. This further supports the evidence that observed traffic variations in 2007 were the result of an array of traffic influencing factors and cannot be attributed to EDST. 
Changes in national traffic volume and motor gasoline for the fall EDST
Analysis Approach
Due to the complex interaction between additional DST hours, hourly temperature, weather, and other factors, there is no single best method for analyzing EDST impacts on electricity and motor gasoline consumption. Therefore, the study used multiple methods to evaluate the impact of EDST on changes in energy consumption, each with different strengths and limitations. Taken together, their findings provide greater insight into EDST energy impacts than would be possible by application of only a single method. The supporting Technical Documentation to this report provides details on the data and analysis methods used in the study.
Analysis of Changes in Electricity Use across Extended Daylight Saving Time Transitions
The study used two methods to calculate changes in national energy consumption associated with electricity consumption.
• A "heuristic" method compared the average changes in the pattern of electricity consumption between 2006 and 2007 during the periods of EDST in March and November.
• A statistical method applied regression models to daily and hourly consumption for a sample of utilities.
14 The electricity analysis portion of the study used 2006 and 2007 consumption data from as many as 67 electric utilities. 15 The utilities (and regional ISOs) included in this report represent 66 percent of U.S. electricity consumption in the heuristic analysis and 32 percent of consumption in the statistical analysis. Figure 3 -1 shows the 67 utilities overlaid on a climate zone map. Utilities are located in all the climate zones except for Zone one, the southern tip of Florida. 
Heuristic analysis of electricity consumption curves
The heuristic method examined the hourly electricity consumption patterns for 67 electric utilities in 2007 relative to 2006, and used 21-day averages for each hour of the day in the spring and seven-day averages for the fall. 16 This approach is heuristic in the sense that it seeks to predict the 2007 pattern of the average electricity consumption profile that would have occurred without EDST. The observed deviations from a smooth pattern of ratios (in defined ranges of morning and evening hours) are evidence of the impact of EDST. By interpolating between hours deemed to be unaffected by EDST, the average changes in consumption over the EDST periods for spring and fall were calculated. In the morning period, the ratios were interpolated between the hours ending at 6:00 a.m. and 9:00 a.m. In the evening, the interpolation was performed between the hours ending at 4:00 p.m. nd 10:00 p.m. A statistical measure of confidence was determined for the calculated impacts.
The analysis focused on the specific hours where electricity usage was expected to be most influenced by EDST. The morning hours were assumed to be the hours ending in the range between 7:00 a.m. and 8:00 a.m. inclusive. 20 In the evening, the influenced hours were assumed to extend from 5:00 p.m. through 9:00 p.m. inclusive in the spring and from 5:00 p.m. through 8:00 p.m. inclusive in the fall.
Approaches Used to Examine Traffic Volume and Motor Gasoline Consumption
The study used two methods of analysis to calculate the impact of EDST on motor gasoline consumption.
One method involved the examination of the two-week averages of motor gasoline consumption for periods before and after DST and EDST. Using weekly data for "motor gasoline supplied" over a 10-year period (1998 to 2007) for both the spring and fall seasons, an analysis was conducted on the impact of daylight time on motor gasoline consumption. 21 A statistical comparison of the mean values of average gasoline consumption for two weeks before and two weeks after DST and EDST was conducted. The statistical testing evaluates the hypothesis that the mean values of weekly "motor gasoline supplied" are the same (at the 95 percent confidence level) across the transition to or from standard time to DST and EDST. Energy savings were determined by calculating the week-to-week percentage change between the two-week average of before and after weekly "motor gasoline supplied" information.
The second method was a comparison of differences in average week-to-week national traffic volume to determine if there are statistically significant differences in the averages. Daily traffic volume data for the spring was analyzed during the hours most likely to be influenced by EDST. Statistical tests were performed to determine if the mean values of the spring traffic volume changed (at the 95 percent level of confidence) in the weeks before, during, and after EDST. The traffic volume analysis relied upon traffic data that is collected at more than 4,000 continuous traffic-counting locations nationwide. The study used traffic information during the two weeks 19 A "degree-day" is a measure of heating or cooling. For example, if the actual temperature is above 65 degrees, the number of heating degrees for that day is zero. 20 In about one-third of the utilities analyzed, the morning hours displaying the most influence from EDST were those ending at 8:00 a.m. and 9:00 a.m. 21 "Motor gasoline supplied" information is used as a proxy for gasoline consumption. The Technical Documentation for this study provides details. 22 Using only two weeks of traffic data before and after the Daylight Saving Time minimizes potential influences from long-term trends and seasonal variations within the traffic data series.
Other Considerations
In addition to the changes in electricity use, motor gasoline use, and primary energy presented in this report, there are other potential energy-related impacts from EDST such as changes in fuel oil and natural gas used for heating in buildings. The previous DST studies that examined fuel oil and natural gas, most notably the 1975 Department of Transportation study, found that DST had less impact on changes in fuel oil and natural gas use in buildings than the changes in electricity consumption. This study did not further examine the fuel oil and natural gas impacts on buildings due to the limited availability of supporting data for analysis of these factors.
In addition, this study did not include an economic analysis of EDST, which compares the relative costs and outcomes, such as cost-benefit or cost-effectiveness. Section 110 of EPAct 2005 directed the Department of Energy to focus only on the impact of EDST on "energy consumption in the United States." (42 U.S.C. 260a note) Finally, this study did not analyze any non-energy impacts that might result from EDST, as the focus of Section 110 of the Energy Policy Act of 2005 is only on energy consumption. Potential non-energy impacts include children traveling to school during darkness, traffic accident rates, crime rates, electronics changeover to new EDST dates, airline schedule changes, and agricultural work scheduling.
